METHODS

Patients
The present study was a single-center, retrospective chart review study conducted during January 2010-August 2014, following the Institutional Review Board approval (IRB104-121-B). Patients who exhibited pathological proof of ICA (both sinusitis related and sinusitis unrelated) after surgery were enrolled. Initially, neurological presentations, pathogens, host factors (diabetes mellitus [DM] or liver cirrhosis), complications, and prognoses (cure or mortality) were analyzed. The initial neurological presentations recorded were ophthalmological symptoms or signs (e.g., diplopia, blurred vision, and ptosis), headache, change of consciousness, and seizure attack.
Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and was approved by the local ethics committee of the institute. Informed written consent was obtained from all patients prior to their enrollment in this study.
Statistical analysis
Categorical variables are presented as proportions (%) and were compared using Fisher's exact test. Abnormally distributed continuous variables are presented as the median (25%-75% interquartile range) and were compared using Mann-Whitney U-test. Multivariate analysis was performed using logistic regression tests. Variables were considered statistically significant if P < 0.05. All statistical tests were performed using SPSS 18 software (IBM Corporation, Armonk, NY, USA), and graphs were constructed using GraphPad Prism 6 (GraphPad Software, La Jolla, CA, USA).
RESULTS
From January 2010 to August 2014, 27 patients were pathologically diagnosed with ICA and underwent surgery. The mean length of hospital stay was 42.48 days (range: 7-105 days), and the average patient age was 52 years (range: 13-81 years). Seven patients were women (25.9%), while twenty were men (74.1%). Of all patients, ten had sinusitis-related ICA [ Table 1 ], with the most common site of origin being the frontal sinus (n = 7), followed by the cavernous sinus (n = 5). The two most common types of sinusitis-related intracranial complications were subdural empyema (n = 7) and sphenoiditis (n = 3). Various causative pathogens, including Eikenella corrodens, Prevotella spp., Propionibacterium spp., Streptococcus constellatus, coagulase-negative staphylococci, viridans streptococci, vancomycin-resistant Enterococcus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Aspergillus spp., were identified. Tests yielded negative culture results for four patients, while multiple pathogens were detected in five patients (18.5%). The status of 14 patients was immunocompromised, with the patients having liver cirrhosis (n = 5), DM (n = 8), a history of splenectomy (n = 1), a history of kidney transplant (n = 1), and HIV (n = 1). Seven patients died after the treatment (overall mortality rate: 26%). Surgical techniques included functional endoscopic sinus surgery, craniectomy, craniotomy, trephination, and stereotactic aspiration [ Table 2 ]. Overall, stereotactic aspiration was the main operational strategy (n = 13; 48%), especially for deep-seated or multifocal ICA. Table 3 presents the characteristics of the cases of sinusitis-related and sinusitis-unrelated ICA. Compared with patients with sinusitis-unrelated ICA, a higher number of patients with sinusitis-related ICA had comorbid liver cirrhosis (50% vs. 0%, P = 0.003) and ophthalmological abnormalities (60% vs. 17.6%, P = 0.04). We subsequently compared the involvement of the frontal and cavernous sinuses between the two groups. Compared with those with sinusitis-unrelated ICA, more patients with sinusitis-related ICA exhibited involvement of the frontal and cavernous sinuses (90% vs. 23.5%, P = 0.001). The two groups did not differ significantly in age, sex, pathogen characteristics, or outcome.
C o m p a r i s o n b e t w e e n s i n u s i t i s -r e l a t e d a n d sinusitis-unrelated intracranial abscess
Host factors for all cases of ICA were subsequently evaluated. Although both patients with DM and those was the only risk factor influencing mortality in the ICA patients (odds ratio = 8.68, P = 0.03). Compared with those without DM, patients with DM showed the highest positive culture rate of K. pneumoniae (50% vs. 7%, P = 0.047). 
DISCUSSION
In the present study, most patients with sinusitis-related ICA received surgical debridement, which entails functional endoscopic surgery for treating the sinusitis, and craniotomy, craniectomy, or stereotactic aspiration treatment for removing the ICA. The importance of surgical debridement has been emphasized in several previous studies. [7] [8] [9] Infections associated with sinusitis-related ICA are often polymicrobial, with Streptococcus spp. being the most common pathogen. [5] Nevertheless, in contrast to the results of several previous studies, the results of the present study demonstrated that the patients with sinusitis-related ICA did not have higher polymicrobial infections. [4, 8] In this study, P. aeruginosa, Prevotella spp., and Streptococcus spp. were the three most common pathogens in the sinusitis-related ICA group (infection rate: 20% each). These differences in pathogens might be the result of regional differences in bacterial flora or patient comorbidity. In addition, we noted that anaerobic bacteria were more often cultured in the sinusitis-related ICA group, although the result was nonsignificant (77% and 33% in the sinusitis-related and IQR: Interquartile range sinusitis-unrelated ICA groups, respectively; P = 0.079). This result can be clarified by the nature of sinusitis. [7, 8] Anaerobic bacteria are more commonly observed in chronic sinusitis, which might cause intracranial invasion; [10] [11] [12] thus, when treating sinusitis-related ICA, empirical antibiotics against common pathogens should be prescribed.
Subdural empyema has been reported as the most common complication of sinusitis-related ICA; [7, 8] we observed similar results in our study. In addition, our results indicated the frontal sinuses to be the most common site of sinusitis-related ICA [ Figure 2 ]. Similar results to that of the present study have been demonstrated previously, probably because of the anatomy and nearby blood supply of the frontal sinuses and the frontal lobe of the cerebrum. [10] Frontal sinusitis can invade the intracranial space through either direct invasion or the valveless diploic venous system. [9, 13] A higher number of patients with sinusitis-related ICA exhibit abnormal ocular symptoms and signs, which are likely associated with the involvement of the cavernous sinus, the second most common sinusitis location in patients in this study [ Figure 3 ].
Some studies have demonstrated that patient comorbidity might be associated with sinusitis-related ICA, with DM also being a risk factor. [2, 14, 15] In the current study, we identified liver cirrhosis as another risk factor, likely a result of the immunocompromised status of our patients. Identifying the associated risk factors can facilitate early identification of ICA in sinusitis patients. Tsou et al. [16] demonstrated K. pneumoniae to be the most common bacterium isolated in patients with DM in Taiwan, and this was corroborated by our results, confirming the importance of K. pneumoniae in ICA.
CONCLUSION
Frontal sinusitis is associated with an increased risk of ICA. If any suspicious symptoms and signs are observed in patients with frontal sinusitis or the comorbidities of DM and liver cirrhosis, further examination and treatment should be administered. Specific pathogens of ICA in patients with DM and sinusitis should be considered during initial treatment with empirical antibiotics.
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